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(54) Optical disk device and optical disk 

(57) An optical disk device comprising a converging 
optical system (21) in which a laser beam (5) is irradiat- 
ed onto an optical disk (1) having a recording thin film 
on a substrate provided with uneven guide grooves (4) 
and a tracking controller (12) that controls tracking so 
that the laser beam converged by the converging optical 



system scans a convex part or a concave part of the 
guide groove, wherein the tracking controller controls 
tracking polarity so that the tracking polarity is inverted 
according to the depth of the guide groove. As a result, 
in optical disks having any groove depth, a laser beam 
can scan a target groove track or a target land groove 
track correctly. 
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Optical disc devices in which tracking polarity Is inverted 
according to the depth of the guide groove, and optical 
discs in which identification data about the groove depth or 
tracking polarity is provided on the cartridge or disc. 



2. Claims: 20-25, 30-33, 

36 inasmuch as claims 30-33 and 36 depend 
directly or indirectly on claims 20 or 23 



Optical disc with grooves of depth of at least(m+l)lambda/4n 
and less than(m+2)lambda/4n in which the control area has 
recording/reproducing information about the convex and 
concave grooves recorded in the same place as an optical 
disc with grooves of depth of at least (m)lambda/4n and less 
that (m+l)lambda/4n, and an optical disc with grooves of 
depth of at least(m+l )1 arabda/4n and less than(m+2)larabda/4n 
In which an address area having recording/reproducing 
information about a convex groove is recorded where an 
address area of a disc with grooves of depth of at least 
(m)lambda/4n and less than (ra+2)lambda/4n has 
recording/reproducing information about a concave groove 
and an address area having recording/reproducing information 
about a concave groove is recorded where an address area of 
a disc with grooves of depth of at least (m)1ambda/4n and 
less than (m+2)lambda/4n has recording/reproducing 
information about a convex groove. 



3. Claim : 26 and claim 30 Inasmuch as it depends on claim 26 

Optical disc with grooves of depth of at least(m+l)lambda/4n 
and less than(m+2)lambda/4n wherein the prepits in the 
address areas have a height or depth of at least 
(m)lambda/4n but less thatn (m+l)lambda/4n. 
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claim 27 



Optical disc with grooves of depth of at least(m+l)lambda/4n 
and less than(m+2)lambda/4n wherein the address area 
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(54) Optical disk device and optical disk 

(57) An optical disk device comprising a converging 
optical system (21) in which a laser beam (5) is irradi- 
ated onto an optical disk (1) having a recording thin film 
on a substrate provided with uneven guide grooves (4) 
and a tracking controller (12) that controls tracking so 
that the laser beam converged by the converging optical 
system scans a convex part or a concave part of the 



guide groove, wherein the tracking controller controls 
tracking polarity so that the tracking polarity is inverted 
according to the depth of the guide groove. As a result, 
in optical disks having any groove depth, a la$er beam 
can scan a target groove track or a target land groove 
track correctly. 
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Description 

[0001] This invention relates to an optical disk and an 
optical disk device for recording and reproducing high- 
density signals by irradiating high-energy beams such s 
as laser beams or the like onto a thin film formed on a 
substrate. 

[0002] Recently, optical disks on which information 
can be recorded and from which the information can be 
reproduced and erased and optical disk devices that 10 
can record information on and reproduce information 
from the optical disks have been commercialized. Fur- 
thermore, high-density rewritable optical disks and opti- 
cal disk devices capable of recording and reproducing 
high-quality animation have been actively researched is 
and developed. 

[0003] Well-known rewritable optical disks include 
phase-change optical disks with chatcogenide thin f ams 
on a disc-shape substrate. The chalcogenide thin films 
comprise, for example, Ge-Sb-Te, In-Se, or the like. 20 
Magneto-optical recording media having metal thin f 3ms 
such as Fe-Tb-Co as their recording layers also are well 
known. 

[0004] In phase-change optical disks, for example, 
laser beams are irradiated onto and focused on record- 25 
ing thin films comprising the above-mentioned phase- 
change materials to heat the irradiated parts partially to 
a predetermined temperature. When the temperature of 
the irradiated portion becomes equal to or higher than 
the crystalline temperature, the irradiated portion is 30 
changed to the crystalline state. When the irradiated 
portion is melted at a temperature higher than its melt- 
ing point and is quenched, its state is changed to the 
amorphous state. Once either the crystalline state or 
the amorphous state is determined so as to correspond ss 
to the recording state, and the other to the erasing state 
(unrecorded state), information can be recorded or 
erased reversibly by forming each state according to a 
pattern corresponding to information signals. Since the 
crystalline state and the amorphous state are different 40 
from each other in their optical characteristics, recorded 
signals can be reproduced by optically detecting such 
different characteristics as a reflectivity change or a 
transmittance change. 

[0005] In a magneto-optical recording medium, for 45 
example, laser beams are irradiated onto and focused 
on a magneto-optical recording thin film to heat the irra- 
diated portions partially to a predetermined tempera- 
ture. While heating the irradiated portions, a magnetic 
field also is applied. The magnetizing direction of the so 
magneto-optical recording thin film is reversed accord- 
ing to information, thus recording and erasing the infor- 
mation. 

[0006] In such optical disks mentioned above, a sub- 
strate is grooved in advance so as to be provided with ss 
uneven guide grooves (hereafter also referred to as 
"guide tracks"), thus forming information tracks. In an 
uneven guide groove, an information track nearer to a 



light-incidence side is referred to as a "groove", and an 
information track further from the light-incidence side is 
referred to as a "land". Information signals are recorded 
or reproduced by focusing laser beams on the groove or 
the land and scanning it. These information signals can 
be recorded by users themselves, thus being referred to 
as "user data". 

[0007] In common commercial optical disks, informa- 
tion signals are recorded either on a groove or on a 
land, and the other serves as a guard band that sepa- 
rates adjoining tracks. 

[0008] Means for increasing recording capacity in opti- 
cal disks include a technique for increasing track density 
by recording information signals on both groove tracks 
and land tracks as described in Examined Japanese 
Patent Application Tokkou Sho 63-57859. 
[0009] In order further to increase the track density, 
there is a method of making the track pitch of guide 
tracks smaller while recording information on both the 
land tracks and the groove tracks mentioned above. In 
this case, in order to cut off the heat transfer from a track 
heated by laser beams to the adjacent track, a tech- 
nique for making guide grooves deeper can be applied. 
[001 0] On the other hand, in rewritable optical disks, it 
is necessary to record address signals as uneven pits 
that indicate position information on a medium or the 
like in advance. As a means for recording the address 
signals, an intermediate address method is proposed 
in, for example, Unexamined Japanese Patent Applica- 
tion Tokkai Hei 6-1 76404. 

[0011] An optical-beam tracking control method for 
reading information from an optical disk will be 
explained with reference to drawings as follows. 
[001 2] FIG. 7 is a schematic block diagram of a con- 
ventional optical disk device. An information track 501 is 
formed on an optical disk 500. 
[001 3] FIG. 8 is an enlarged view of the information 
track 501. The information track 501 comprises a 
groove track 606 and a land track 607. The information 
track 501 has a data area 602 for recording information 
and an address area (an identifying signal area) 601 in 
which position information of an information track and 
the like are recorded. The groove track 606 and the lard 
tracks 607 are arranged alternately at an interval of a 
track pitch Tp. Prepits 604 of projection or pit are formed 
in the address area (the identifying signal area) 601. 
The center of a prepit 604 is arranged at a position 
shifted from the center of the groove track 606 in the 
radial direction of the optical disk by Tp/2. The arrange- 
ment of these prepits 604 enables the address signals 
to be reproduced from both the groove track and the 
land track. Generally, the depth or height of the prepits 
604 is the same as the depth of the groove in the data 
area 602. 

[0014] in FIG. 8, recording marks 605 are formed on 
both the groove track 606 and the land tracks 607. 
Abeam spot 502 scans the groove track 606 and the 
land tracks 607 in the direction shown by an arrow. 
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[001 5] Referring to FIG. 7, the operation during repro- 
ducing information recorded on the optical disk 500 will 
be explained. 

[001 6] A laser driving circuit 525 receives a signal L3 
from a controller 518 to be changed to a reproducing 
mode and outputs a driving current to a semiconductor 
laser 510, which results in emission at a constant repro- 
ducing intensity. 

[0017] As a next step, the beam-spot position in the 
focus direction is controlled. For this purpose, a general 
focus controlling method such as a spot size method or 
an astigmatism method may be used. Therefore, a 
detailed explanation of the method is not necessary 
herein. 

[0018] A laser beam emitted from the semiconductor 
laser 510 provided to an optical head 514 is focused on 
the information track 501 by an objective lens 511. A 
laser beam reflected from the information track 501 
enters a photodetector 512 after receiving information 
recorded on the information track 501 according to the 
reflected-light quantity distribution. Light receivers 512a 
and 512b comprised in the photodetector 512 convert 
the change in the light quantity distribution of the inci- 
dent optical beam into electric signals. Each of the light 
receivers 51 2a and 51 2b output the electric signals to a 
differential amplifier 515 and a summing amplifier 521. 
After converting each input current into voltage, the dif- 
ferential amplifier 515 outputs a differential signal 
obtained by differentiation to a LPF (low pass fitter) 516. 
The LPF 516 extracts a low-frequency component from 
the differential signal and outputs it as a signal S1 to a 
polarity inverting circuit 51 7. 

[001 9] The polarity inverting circuit 51 7 outputs a sig- 
nal S2 to a tracking control circuit 519 by transmitting 
the signal S1 without polarity change or inverting the 
polarity of the signal S1 according to a control signal L1 
from the controller 518. The signal S2 is a so-called 
push-pall signal and corresponds to a tracking error 
quantity between the beam spot 502 and the informa- 
tion track 501. In this case, when the track on which 
information should be recorded (or erased, hereafter 
the same) or from which information should be repro- 
duced is a groove, the polarity inverting circuit 517 
transmits the signal S1 without polarity change. On the 
other hand, when the track on which information should 
be recorded or from which information should be repro- 
duced is a land, the polarity inverting circuit 517 inverts 
the polarity of the signal S1 . 

[0020] The tracking control circuit 51 9 outputs a track- 
ing driving signal to an actuator driving circuit 520 
according to the level of the input signal S2. The actua- 
tor driving circuit 520 outputs a driving current to an 
actuator 513 according to the tracking driving signal, 
thus shifting the objective lens 511 in the direction 
crossing the information track 501 . This control allows 
the beam spot 502 to scan the center of a target groove 
or land of the information track. 
[0021 ] When the beam spot 502 scans the information 



track 501 correctly, the quantity of the light reflected 
from the prepits 604 varies from the quantity of the fight 
reflected from the recording marks 605 (see FIG. 8) due 
to the optical interference, thus changing the level of the 

5 output signals of the light receivers 512a and 512b. 
These output signals are added in the summing ampli- 
fier 521 to obtain a summed signal, and the summed 
signal is output to a preamplifier 522. The signal ampli- 
fied by the preamplifier 522 is demodulated to repro- 

io duced data by a reproduced signal processing circuit 
523. The reproduced data are output to the controller 
518. 

[0022] On the other hand, in recording, the laser driv- 
ing circuit 525 receives a signal L3 from the controller 

15 518 and is changed to a recording mode. At the same 
time, a recording signal processing circuit 524 receives 
a recording data signal L2 from the controller 518 and 
outputs a modulating signal to the laser driving circuit 
525. The laser driving circuit 525 modulates the driving 

20 current output to the semiconductor laser 51 0 according 
to the modulating signal. Thus, the intensity of the beam 
spot 502 varies and a recording mark is formed on the 
information track 501 . 

[0023] During each operation mentioned above, a 
25 spindle motor 530 rotates the optical disk 500 at a con- 
stant angular or linear velocity. 
[0024] However, in such a conventional optical disk 
device as described above, the polarity of the signal S1 
is inverted according to the groove depth of the informa- 
30 tion track 501 and therefore tracking of a target groove 
track or a target land track cannot be controlled in some 
cases. 

[0025] FIQ. 9 shows the relationship between a 
groove depth of an information track and signal ampli- 

35 tude of a tracking error signal according to a push-pull 
method. The signal amplitude of a tracking error signal 
is maximum at a groove depth of X/8n and zero at a 
groove depth of X/4n, wherein X is a wavelength of a 
laser beam used for recording and reproduction, and n 

40 is the refractive index of a substrate. The amplitude 
increases when changing the groove depth from X/4n 
toward 3X/8a However, the diffraction direction of a 
reflected light is reversed, thus reversing operating sig- 
nals in the light receivers 512a and 512b. The tracking- 

45 error signal amplitude and the intensity distribution of 
the reflected light are repeated at a 7J2 period. Thus, in 
conventional optica) disk devices, the polarity of the 
push-pull signal, i.e. the polarity of S1 output from the 
differential amplifier 515 is inverted according to the 

so groove depth of the information track 501 . 

[0026] In the above description, the polarity of the 
tracking signal is inverted at a groove depth of X/4n. 
However, the groove depth at which the polarity is 
inverted depends on the groove shape. That is, only 

55 when the boundary wall surface between the land track 
607 and the groove track 606 of the information track 
501 is perpendicular to the optical disk surface, is the 
tracking polarity inverted at a period of XMn in groove 
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depth. Therefore, when the boundary wall surface 
between the land track and the groove track is oblique to 
the optical disk surface, the polarity of the tracking sig- 
nal is inverted at a groove depth slightly deeper than 
X74n. 

[0027] In FIG. 7, suppose that the polarity inverting 
circuit 51 7 controls the polarity of the signal S1 by trans- 
mitting the signal Si without polarity change when 
scanning a groove track on the optical disk 500 having 
any groove depth (for example, a groove depth of X/6n) 
within the range of 0 to X/4n, and by inverting the polar- 
ity of the signal SI so as to have negative polarity when 
scanning a land track on the optical disk 500 mentioned 
above. 

[0028] However, when scanning an optical disk having 
any groove depth within the range of X/4n to X/2n in this 
control method, the polarity of the signal S1 is the 
reverse of that when scanning an optical disk having a 
groove depth of A/6n. If the switching of the tracking 
polarity for a groove track and a land track is controlled 
by the conventional control method without any change, 
when trying to make the beam spot 502 track the groove 
track, the land track is tracked. The reason is that the 
polarity inverting circuit 517 transmits the signal S1 
without polarity change and therefore the polarity of the 
signal S2 becomes negative. On the other hand, when 
trying to make the beam spot 502 track the land track, 
the groove track is tracked. The reason is that the polar- 
ity inverting circuit 517 inverts the polarity cf the signal 
S1 and therefore the polarity of the signal S2 becomes 
positive. 

[0029] In other words, the tracking polarity in scanning 
a groove track and a land track is inverted according to 
the groove depth of the information track 501, thus 
causing a problem in that a target track cannot be 
tracked. 

[0030] Such a problem hinders information from being 
recorded on and from being reproduced from the optical 
disk mentioned above in which track density is improved 
by recording information on both the land tracks and the 
groove tracks and the heat transfer to an adjacent track 
is controlled by making the guide-groove depth deeper. 
[0031] When scanning an address area, the polarity 
of an output signal of the differential amplifier 515 also 
is inverted due to the change in height or depth of the 
prepits 604. Therefore, when forming the prepits 604 so 
as to have the same depth as that of uneven grooves in 
the data area 602, there has been a problem that the 
compatibility as to the information obtained from the 
address area can not be kept among disks, each of 
which has a different groove depth. 
[0032] An object of the present invention is to solve 
the problems described above and to provide an optical 
disk and an optical disk device in which tracking of a tar- 
get groove track or a target land track can be controlled 
regardless of the guide-groove depth by detecting the 
inversion in tracking polarity according to a groove 
depth in advance (this is hereafter referred to as a "first 



object"). 

[0033] Another object of the present invention is to 
provide an optical disk in which the reverse in recording 
and reproducing conditions about, for example, irradia- 

s tion and a modulation pattern, and the like of a beam 
spot on land tracks and groove tracks can be compen- 
sated regardless of the guide-groove depth, even if 
tracking polarity is inverted (this is hereafter referred to 
as a "second object"). 

io [0034] Still another object of the present invention is 
to provide an optical disk in which the compatibility in 
the information obtained from an address area can be 
kept regardless of the groove depth of an information 
track (this is hereafter referred to as a "third object"). 

is [0035] In order to attain the first object mentioned 
above, optical disk devices of the present invention have 
the following configurations. _ 
[0036] An optical disk device according to a first con- 
figuration of the present invention comprises a converg- 

20 ing optical system and a tracking controller. In the 
converging optical system, a laser beam is irradiated 
onto an optical disk having a recording thin film on a 
substrate provided with uneven guide grooves. The 
tracking controller controls tracking so that the laser 

25 beam converged by the converging optical system 
scans a convex part or a concave part of the guide 
groove mentioned above. The tracking controller con- 
trols the inversion in tracking polarity according to the 
depth of the guide groove. 

30 [0037] An optical disk device according to a second 
configuration of the present invention comprises a con- 
verging optical system, a tracking controller, a polarity 
inverting system, and a disk discriminating system. In 
the converging optical system, a laser beam is irradi- 

35 ated onto an optical disk having a recording thin film on 
a substrate provided with uneven guide grooves. The 
tracking controller controls tracking so that the laser 
beam converged by the converging optical system 
scans a convex part or a concave part of the guide 

40 groove mentioned above. The polarity inverting system 
Inverts the polarity of the tracking controller. The disk 
discriminating system discriminates the depth of the 
guide grooves. According to the result obtained from the 
disk discrimination system, the polarity inverting system 

45 inverts the polarity of the tracking controller. 

[0038] According to the optical disk device of the first 
or second configuration of the present invention, the 
tracking controller inverts the tracking polarity according 
to the depth of the guide groove, or the polarity inverting 

so system inverts the polarity of the tracking controller 
according to the result obtained by discriminating the 
depth of the guide groove by the disk discriminating sys- 
tem. Therefore, it is possible to make a laser beam scan 
a target groove track or a target land track on optical 

55 disks with any groove depth correctly. Consequently, 
information can be correctly recorded on or reproduced 
from optical disks with a different guide-groove depth. 
[0039] In order to attain the first object mentioned 
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above, optical disks of the present invention have the 
following structures. 

[0040] An optical disk according to a first structure of 
the present invention comprises a substrate on which 
uneven guide grooves are formed. The optical disk is s 
contained in a cartridge. The cartridge is provided with 
identification data about the depth of the guide grooves 
and/or identification data about the tracking polarity of a 
reproducing optical system. 

[0041 ] An optical disk according to a second structure 10 
of the present invention comprises a substrate on which 
uneven guide grooves are formed. In an identifying sig- 
nal area provided on the optical disk, information about 
the depth of the guide grooves and/or information about 
the tracking polarity of a reproducing optical system is 
are/is recorded. 

[0042] According to the optical disks of the first and 
second structures mentioned above, the information 
about the depth of the guide grooves and/or the infor- 
mation about the tracking polarity of a reproducing optt- 20 
cal system are/is recorded in the cartridge or in the 
identifying signal area. Therefore, since an optical disk 
device reads such information prior to recording or 
reproduction, tracking can be controlled according to 
the guide-groove depth. Consequently, it is possible to 25 
make a laser beam scan a target groove track or a tar- 
get land track on optical disks with any groove depth 
correctly. Thus, information can be correctly recorded 
on or reproduced from optical disks with a different 
guide-groove depth. 30 
[0043] An optical disk according to a third structure of 
the present invention comprises a substrate on which 
uneven guide grooves are provided. The uneven guide 
grooves have a depth of at least (m+1) X/4n but less 
than (m+2) X/4n, wherein X is a wavelength of a laser 35 
beam used for recording or reproduction, n indicates the 
refractive index of the substrate, and m is 0 or a positive 
even number. Information about the tracking polarity of 
a reproducing optical system is recorded in a control 
area on the optical disk. 40 
[0044] An optical disk according to a fourth structure 
of the present invention comprises a substrate on which 
uneven guide grooves are provided. The uneven guide 
grooves have a depth of at least (m+1) X/4n but less 
than (m+2) A/4n, wherein X is a wavelength of a laser 45 
beam used for recording or reproduction, n indicates the 
refractive index of the substrate, and m is 0 or a positive 
even number. Information about the depth of the guide 
grooves is recorded in a control area on the optical disk. 
[0045] An optical disk according to a fifth structure of so 
the present invention comprises a substrate on which 
uneven guide grooves are provided. The uneven guide 
grooves have a depth of at least (m+1) X/4n but less 
than (m+2) X/4n, wherein X is a wavelength of a laser 
beam used for recording or reproduction, n indicates the ss 
refractive index of the substrate, and m is 0 or a positive 
even number. The optical disk comprises address areas 
where positions of the guide grooves are identified. 



Information about the tracking polarity of a reproducing 
optical system is recorded in the address areas. 
[0046] An optical disk according to a sixth structure of 
the present invention comprises a substrate on which 
uneven guide grooves are provided. The uneven guide 
grooves have a depth of at least (m+1) XI An but less 
than (m+2) XV4n, wherein X is a wavelength of a laser 
beam used for recording or reproduction, n indicates the 
refractive index of the substrate, and m is 0 or a positive 
even number. The optical disk comprises address areas 
where positions of the guide grooves are identified. 
Information about the depth of the guide grooves is 
recorded in the address areas. 
[0047] According to the optical disks of the third to 
sixth structures mentioned above, in the optical disk on 
which guide grooves having a depth of at least (m+1) 
X/4n but less than (m+2) X/4n are formed, the informa- 
tion about the tracking polarity of a reproducing optical 
system or the information on the depth of the guide 
grooves is recorded in the control area or in the address 
areas. Therefore, an optical disk device reads such 
information prior to recording or reproduction, thus con- 
trolling tracking according to the guide-groove depth. 
Consequently, it is possible to make a laser beam scan 
a target groove track or a target land trade on an optical 
disk with such a depth correctly. Thus, information can 
be recorded or reproduced correctly. 
[0048] Furthermore, in order to attain the second 
object mentioned above, optical disks of the present 
invention have the following structures. 
[0049] An optical disk according to a seventh structure 
of the present invention comprises a substrate on which 
uneven guide grooves are provided. The uneven guide 
grooves have a depth of at least (m+1) XI An but less 
than (m+2) A/4n, wherein X is a wavelength of a laser 
beam used for recording or reproduction, n indicates the 
refractive index of the substrate, and m is 0 or a positive 
even number. In the optical disk, signals are recorded 
on both convex parts and concave parts of the guide 
grooves. The optical disk is compatible with an optical 
disk having uneven guide grooves with a depth of at 
least m X/4n but less than (m+1) X/4n. The optical disk 
according to the seventh structure comprises a control 
area where convex-part recording- and reproducing- 
information and concave-part recording- and reproduc- 
ing-information are recorded. The convex-part record- 
ing- and reproducing-information is recorded in an area 
where concave-part recording- and reproducing-infor- 
mation is recorded in an optical disk having a groove 
depth of at least m X/4n but less than (m+1) X/4n. The 
concave-part recording-and reproducing-information is 
recorded in an area where convex-part recording- and 
reproducing-information is recorded in an optical disk 
having a groove depth of at least m >/4n but less than 
(m+1)xy4n. 

[0050] An optical disk according to an eighth structure 
of the present invention comprises a substrate on which 
uneven guide grooves are provided. The uneven guide 
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grooves have a depth of at least (m+1) >74n but less 
than (m+2) X/4n, wherein X is a wavelength of a laser 
beam used for recording or reproduction, n indicates the 
refractive index of the substrate, and m is 0 or a positive 
even number. In the optical disk, signals are recorded 
on both convex parts and concave parts of the guide 
grooves. The optical disk is compatible with an optical 
disk having uneven guide grooves with a depth of at 
least m A/4n but less than (m+1) X/4n. The optical disk 
according to the eighth structure comprises address 
areas where positions of the guide grooves are identi- 
fied. Each address area comprises an area where con- 
vex-part recording- and reproducing-infbrmation is 
recorded and an area where concave-part recording- 
and reproducing-information is recorded. The convex- 
part recording- and reproducing-information is recorded 
in the area where concave-part recording- and repro- 
ducing-information is recorded in an optical disk having 
a groove depth of at least m X/4n but less than (m+1) 
X/4n 4n. The concave-part recording- and reproducing- 
information is recorded in the area where convex-part 
recording- and reproducing-information is recorded in 
an optical disk having a groove depth of at least m X/4n 
but less than (m+1) A/4n. 

[0051] According to the optical disk of the seventh or 
eighth structure mentioned above, recording- and 
reproducing-infbrmation to be recorded in the control 
area or in the address area is recorded in a specific 
area. Therefore, in an optical disk device for conven- 
tional optical disks provided with guide grooves having a 
depth of at least m X74n but less than (m+1) X/4n (here- 
after also referred to as a "conventional optical disk 
device"), the conditions for recording information on and 
reproducing information from land tracks or groove 
tracks of the optical disks provided with guide grooves 
having a depth of at least (m+1) A/4n but less than 
(m+2) A74n of the present invention can be correctly set 
[0052] In other words, when recording and reproduc- 
ing information by a conventional optical disk device, the 
polarity of a tracking signal is inverted due to the differ- 
ence in groove depth and therefore the track to be 
scanned is reversed. Consequently, when a groove 
track should be scanned, a land track is scanned, and 
when a land track should be scanned, a groove track is 
scanned. However, according to the present invention, 
even in such a case, recording- and reproducing-condi- 
tions of a land track or a groove track that should be 
actually scanned can be read correctly from the optical 
disks. Therefore, recording- and reproducing -conditions 
according to the track to be scanned are set. 
[0053] As a result, information can be recorded on or 
recorded information can be reproduced from the opti- 
cal disks of the present invention whose depth is differ- 
ent from that of conventional optical disks without any 
change in a conventional optical disk device. 
[0054] • In order to attain the third object mentioned 
above, optical disks of the present invention have the 
following structures. 



[0055] An optical disk according to a ninth structure of 
the present invention comprises a substrate on which 
uneven guide grooves are provided. The uneven guide 
grooves have a depth of at least (m+1) 7J4n but less 

5 than (m+2) >/4n, wherein X is a wavelength of a laser 
beam used for recording or reproduction, n indicates the 
refractive index of the substrate, and m is 0 or a positive 
even number. In the optical disk, signals are recorded 
on both convex parts and concave parts of the guide 

10 grooves. The optical disk comprises address areas 
where positions of the guide grooves are identified. Pre- 
pits provided in the address areas have a height or 
depth of at least m A/4n but less than (m+1) X/4n. 
[0056] According to the optical disk of the ninth struc- 

is ture mentioned above, the grooves of an information 
track have a depth of at least (m+1) X/4n but less than 
(m+2) X/4n, but the prepits in the address areas have a 
height or depth of at least m XI An but less than (m+1) 
XiAn. Therefore, in a conventional optical disk device, 

20 when recording information on or reproducing informa- 
tion from the optical disk of the present invention, the 
polarity of an output signal of a differential amplifier is 
not inverted in the address areas. Consequently, when 
reading out information recorded in the address areas 

25 of the optical disk according to the present invention 
using a conventional optical disk device, the obtained 
information is compatible with the information obtained 
from a conventional optical disk. Thus, the information 
can be used without any change. 

30 [0057] An optical disk according to a tenth structure of 
the present invention comprises a substrate on which 
uneven guide grooves are provided The uneven guide 
grooves have a depth of at least (m+1) A/4n but less 
than (m+2) X74n, wherein X is a wavelength of a laser 

35 beam used for recording or reproduction, n indicates the 
refractive index of the substrate, and m is 0 or a positive 
even number. In the optical disk, signals are recorded 
on both convex parts and concave parts of the guide 
grooves. An address area where the position of the 

40 guide groove is identified is provided between the guide 
grooves along a track. The address area comprises first 
prepits and second prepits. The first prepits are shifted 
to the peripheral side in the radial direction by about a 
1/2 track pitch with respect to the track of the guide 

45 groove. The second prepits are shifted to the inner-cir- 
cumference side in the radial direction by about a 1/2 
track pitch with respect to the track of the guide groove. 
The sequence of the first prepits and the second prepits 
in a scanning direction when scanning a convex part of 

so the guide groove right after the address area is different 
from that when scanning a concave part of the guide 
groove right after the address area. 
[0058] According to the optical disk of the tenth struc- 
ture mentioned above, in the case where the prepits in 

55 the radial direction are arranged reversely compared to 
that in a conventional optical disk provided with guide 
grooves having a depth of at least m A/4n but less than 
(m+1) A/4n, using a conventional optical disk device, it 
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can be correctly determined whether the track following 
the address area is a convex part or a concave part 
That is, with respect to the information indicating 
whether the track following the address area is a convex 
part or a concave part, the compatibility with a conven- 5 
tional optical disk can be kept 

FIG. 1 is a schematic block diagram of an optical 
disk device according to Embodiment 1 of the 
present invention. 

FIG. 2 is a schematic perspective view of an optical 
disk according to Embodiment 2 of the present 
invention. 

FIG. 3 is an enlarged partial cross sectional view in 
the radial direction of RAM area on the optical disk 
shown in FIG. 2. 

FIG. 4 is an enlarged plan view showing an exam- 
ple of information tracks on an optical disk accord- 
ing to Embodiment 3 of the present invention. 
FIG. 5(a)-(b) show an output signal of a differential 
amplifier. 

FIG. 6 is an enlarged plan view showing an exam- 
ple of information tracks on an optical disk accord- 
ing to Embodiment 5 of the present invention. 
FIG. 7 is a schematic block diagram of a conven- 
tional optical disk device. 

FIG. 8 is an enlarged plan view showing an exam- 
ple of information tracks on the optical disk shown 
in FIG. 6. 

FIG. 9 shows the relationship between the depth of 
guide grooves and the amplitude of a tracking error 
signal. 

[0059] Optical disk devices and optical disks of the 
present invention will be explained based on the draw- 
ings as follows. 

Embodiment 1 

[0060] An optical disk device and an optical disk 
according to Embodiment 1 for attaining the first object 
of the present invention will be explained as follows. 
[0061] FIG. 1 is a block diagram of the optical disk 
device according to this embodiment. 
[0062] An optical disk 1 is provided with a recording 
layer, a dielectric layer, a reflective layer, and the like 
sequentially. In order to record information, the record- 
ing layer absorbs laser beams and its state is changed. 
The dielectric layer protects the recording layer. The 
reflective layer reflects the laser beams. The optical disk 
1 further comprises uneven information tracks (guide 
grooves) 4. The information tracks 4 comprise groove 
parts and land parts. In this embodiment, two types of 
optical disks that are different each other in the groove 
depth of the guide grooves of the information tracks are 
considered as the optical disk 1. In a first optica) disk, 
grooves of the information track 4 have a depth of at 
least 0 but less than }J4n and in a second optical disk. 



grooves of the information track 4 have a depth of at 
least X/4n but less than X/2n, wherein X is a wavelength 
of a laser beam and n indicates the refractive index of a 
substrate comprised in the optical disk 1 . 
[0063] The optical disk 1 is contained in a cartridge 2 
so that the disk surface is protected and the like. The 
cartridge 2 is formed of a material such as a resin. The 
cartridge 2 has an identification hole 3. In this embodi- 
ment, the identification hole 3 is closed when the first 
optical disk is contained in the cartridge 2 and is opened 
when the second optical disk is contained in the car- 
tridge 2. 

[0064] A light emitting diode 10 provided in an optical 
disk device is arranged so as to be located above the 
identification hole 3 when the optical disk 1 is put into 
the optical disk device of this embodiment A photode- 
tector 1 1 is arranged at the position opposing the light 
emitting diode 10, wherein the cartridge 2 is located 
between the photodetector 11 and the light emitting 
diode 10. 

[0065] When the cartridge 2 containing the optical 
disk 1 is installed in the optical disk device, a controller 
12 outputs a signal L1 to light up the light emitting diode 
10. A light emitted from the light emitting diode 10 
passes through the identification hole 3 and enters the 
photodetector 11, thus being converted to an electric 
signal L2. A disk discrimination circuit 32 detects the 
signal L1 that switches the light emitting diode 10 on or 
off and the signal L2 from the photodetector 11. Then 
the disk discrimination circuit 32 discriminates the type 
of the disk, thus outputting an output signal L3 thereby 
obtained to the controller 12. 

[0066] In the present embodiment, the identification 
hole 3 is designed so that its switching condition 
(opened or closed) is changed corresponding to the 
groove depth of the information track 4. For instance, 
the identification hole 3 is designed so that the identifi- 
cation hole 3 is closed (the signal 12 is 0) when the first 
optical disk having a groove depth of at least 0 but less 
than A74n is contained in the cartridge 2, and the identi- 
fication hole 3 is opened (the signal L2 is 1) when the 
second optical disk having a groove depth of at least 
A/4n but less than A/2n is contained in the cartridge 2. 
As a result, the disk discrimination circuit 32 outputs the 
signal L3 to the controller 12. The signal L3 conveys 
positive polarity when the first disk is contained in the 
cartridge 2 and conveys negative polarity when the sec- 
ond disk is contained in the cartridge 2. 
[0067] A laser driving circuit 51 receives a signal L7 
from the controller 12 to be changed to a reproducing 
mode and outputs a driving current to a semiconductor 
laser 20, which results in emission at a constant repro- 
ducing intensity. 

[0068] Next, the position of a beam spot in a focus 
direction is controlled. For that purpose, a general focus 
controlling method such as a spot size method or an 
astigmatism method may be used. Therefore, no 
detailed explanation of the method is necessary herein. 
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[0069] A laser beam emitted from the semiconductor 
laser 20 is focused on the information track 4 as a beam 
spot 5 by an objective lens 21. A laser beam reflected 
from the information track 4 is diffracted or changed in 
reflected-light quantity by recording marks or address 
pits. As a result, the reflected light enters a two-division 
photodetector 22. 

[0070] Light receivers 22a and 22b in the photodetec- 
tor 22 convert the change in the light quantity of the inci- 
dent optical beam into electric signals. Each of the light 
receivers 22a and 22b outputs the electric signals to a 
differential amplifier 30 and a summing amplifier 40. 
After converting each input current into voltage, the dif- 
ferential amplifier 30 outputs a differential signal 
obtained by the differentiation to a LPF 31. The LPF 31 
extracts a low-frequency component from the differen- 
tial signal and outputs it as a signal S1 to a polarity 
inverting circuit 33. 

[0071] In this case, suppose that the signal Si is out- 
put with positive polarity rf the groove depth is at least 0 
but less than A/4n (the f irst optical disk), then the signal 
S1 is output with negative polarity due to the light-phase 
inversion at the groove depth of X/4n if the groove depth 
is at least X74n but less than X/2n (the second optical 
disk). 

[0072] The controller 12 discriminates the groove 
depth of the information track 4 according to the signal 
L3 of the disk discrimination circuit 32. When the con- 
troller 12 finds the first optical disk, the controller 12 out- 
puts a control signal L5 into the polarity inverting circuit 
33 so that the polarity inverting circuit 33 passes the sig- 
nal S1 without polarity change when tracking a groove 
track and inverts the polarity of the signal S1 when 
tracking a land track. When the controller 12 finds the 
second optical disk according to the signal L3, the con- 
troller 12 outputs a control signal L5 into the polarity 
inverting circuit 33 so that the polarity inverting circuit 33 
inverts the polarity of the signal S1 when tracking a 
groove track and passes the signal S1 without polarity 
change when tracking a land track. The polarity invert- 
ing circuit 33 as a polarity inverting system of the 
present invention outputs a signal S2 obtained by invert- 
ing the polarity of the signal S1 according to the signal 
L5 into a tracking control circuit 34. 
[0073] The signal S2 is a so-called push-pull signal 
and corresponds to the tracking error quantity between 
the beam spot 5 and the information track 4. 
[0074] The tracking control circuit 34 outputs a track- 
ing driving signal to an actuator driving circuit 35 
according to the level and the polarity of the input signal 
S2. The actuator driving circuit 35 outputs a driving cur- 
rent to an actuator 23 according to the tracking driving 
signal, thus shifting the objective lens 21 in the direction 
crossing the information tracks 4. 
[0075] By the above-mentioned control, even in the 
case of reproducing information from disks, each of 
which has a different groove depth, land tracks and 
groove tracks can be tracked correctly by providing the 



identification hole 3 formed in the cartridge as an optical 
disk discriminator and a detector that determines the 
opened or closed status of the identification hole 3. 
[0076] When the beam spot 5 scans the information 
5 tracks 4 correctly, the reflected-light quantity or light- 
quantity distribution is changed corresponding to prepits 
604 and recording marks 605 (see FIG. 8), thus chang- 
ing the levels of the output signals of the light receivers 
22a and 22b. These output signals are added in the 
10 summing amplifier 40 to obtain a summed signal, and 
the summed signal is output to a preamplifier 41. The 
signal amplified by the preamplifier 41 is demodulated 
to reproduced data by a reproduced signal processing 
circuit 42. The reproduced data is output to the control- 
is Ier12. 

[0077] On the other hand, in recording, the laser driv- 
ing circuit 51 is changed to a recording mode by_receiv- 
ing a signal L7 from the controller 1 2. At the same time, 
a recording signal processing circuit 50 receives a 

20 recording data signal L6 from the controller 12 and out- 
* puts a modulating signal to the laser driving circuit 51. 
The laser driving circuit 51 modulates a driving current 
output to the semiconductor laser 20 according to the 
modulating signal. Thus, the intensity of the beam spot 

25 5 is changed and recording marks are formed on the 
information tracks 4. 

[0078] During each operation mentioned above, a 
spindle motor 13 rotates the optical disk 1 at a constant 
angular or linear velocity. 

30 [0079] As mentioned above, according to the present 
embodiment, the polarity of the output signal SI of the 
differential amplifier 30 is inverted suitably according to 
the control signal L5 of the controller 12 based on the 
information about the groove depth of the information 

35 track 4. Therefore, even if an optical disk having a differ- 
ent groove depth for the information track 4 is put into an 
optical disk device, a target land track or a target groove 
track can be tracked constantly and correctly. As a 
result, information can be recorded on the target land 

40 track or the target groove track, or information recorded 
on the target land track or the target groove track can be 
reproduced. 

[0080] In the present embodiment, the two types of 
disks are used as examples, one of which has a groove 

45 depth of at least 0 but less than X/4n (the first optical 
disk) and the other has a groove depth of at least X/4n 
but less than X/2n (the second optical disk). However, 
the inversion of a tracking signal amplitude to positive or 
negative is repeated at a X/2n period. Therefore, even in 

so a disk having a groove depth of at least X/2n, the control 
should be operated separately in two types of optical 
disks, one of which has a groove depth of at least m 
X74n but less than (m+1) X74n and the other has a 
groove depth of at least (m+1) AJ4n but less than (m+2) 

55 X/4n, wherein m is 0 or a positive even number. 

[0081] Furthermore, in the present embodiment, the 
identification hole 3 provided in the cartridge 2, the light 
emitting diode 1 0, and the photodetector 1 1 are used as 
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an example of the groove-depth discrimination system. 
However, the present invention is not limited to this. 
[0082] For instance, instead of the identification hole 
3, the information about the guide-groove depth may be 
recorded in a predetermined area of the cartridge 2 or in 
a predetermined area on the surface of the optical disk 
1 . Specifically, the predetermined area in the cartridge 2 
or on the optical disk 1 is formed so that the reflectance 
of the predetermined area in the case of the first optical 
disk is different from that in the case of the second opti- 
cal disk. The optical disk device may be set so that the 
first optical disk is identified by the reflectance of less 
than a certain value and the second optical disk by the 
reflectance of at least the certain value. 
[0083] The optical disk device may be provided with a 
mechanical switch at a predetermined position in the 
cartridge 2 and may be set so that its on-state corre- 
sponds to the first disk and its off-state corresponds to 
the second disk. 

[0084] Further, there is a method in which the informa- 
tion about guide-groove depth is provided in a control 
area 61 shown in FIG. 2 described later in detail as une- 
ven bits. In this method, at the time of putting an optical 
disk into the optical disk device, it is possible to discrim- 
inate its groove depth by reproducing the lead-in identi- 
fication data in the control area 61. Moreover, in this 
case, even if the optical disk 1 has a plurality of zones in 
the radial direction and the groove depth varies depend- 
ing on these zones, the groove depth in each zone can 
be discriminated by recording the information about the 
radial position and the groove depth of each zone. 
[0085] The information about the groove depth may be 
recorded in address area 601 in FIG. 8 instead of the 
control area 61 in FIG. 2. Also in this case, even if the 
optical disk 1 has a plurality of zones in the radial direc- 
tion and the groove depth varies depending on these 
zones, the groove depth in each zone can be discrimi- 
nated by recording the information about the groove 
depth in the address area in each zona 
[0086] As mentioned above, if the information about 
the guide-groove depth is recorded in an identifying sig- 
nal area such as the control area and the address area 
on the optical disk, detectors such as the light emitting 
diode 10 and the photodetector 1 1 are not necessary in 
the optical disk device. In addition, even for an optical 
disk that is not contained in a cartridge, it is possible to 
obtain the information about its groove depth. 
[0087] It also is possible to record information about 
the tracking polarity of the reproducing optical &ystem in 
the optical disk device in the cartridge or in the control 
area or the address area on the optica) disk instead of 
the information about the groove depth. For example, it 
can be recorded whether the polarity inverting circuit 33 
transmits the signal Si without polarity change or 
inverts the polarity of the signal S1 to transmit it The 
optical disk device reads out this information and the 
tracking polarity can be set suitably. Therefore, tracking 
can be controlled so that a target groove track or a tar- 



get land track is tracked correctly. 
[0088] Furthermore, in the cartridge, or in the control 
area or in the address areas on the optical disk, infor- 
mation about an irradiation power of a laser beam irradi- 

5 ated onto an optical disk, information about the 
selection of a modulation pattern of the laser beam, or 
the like may by recorded in addition to the information 
mentioned above. The optical disk device reads put 
such information, and recording- and reproducing-con- 

io ditions of the optical disk device can be suitably set 

Embodiment 2 

[0089] An optical disk according to Embodiment 2 for 

is attaining the first object of the present invention will be 
explained as follows. The optical disk of this embodi- 
ment has a groove depth of at least (m+1) X74n but less 
than (m+2) A/4n and is compatible with conventional 
optical disks having a groove depth of at least m X/4n 

so but less than (m+1) X/4n. 

[0090] FIG. 2 is a schematic perspective view of the 
optical disk according to this embodiment. The optical 
disk 60 of this embodiment comprises a control area (a 
ROM area exclusively for reproduction) 61 and a RAM 

25 area 62. In the control area 61, information about the 
type of the optical disk recording- and reproducing-con- 
ditions. and the like are formed as uneven pits. In the 
RAM area 62. data of image information and the like are 
recorded and reproduced. 

30 [0091 ] FIG. 3 is an enlarged schematic view showing 
a part of the cross section in the thickness direction and 
taken in the radial direction of the RAM area 62 in FIG. 
2. A substrate 63 is formed of a resin material such as 
polycarbonate, or a glass material, or the like. In the 

35 RAM area on the substrate 63. uneven information 
tracks 66 are formed. An information track 66 comprises 
a groove track 64 and a land track 65. In order to record 
information, the substrate 63 comprises a recording 
layer, a dielectric layer, a reflective layer, and the like 

40 sequentially. The recording layer absorbs laser beams, 
and its state is changed. The dielectric layer protects 
the recording layer. The reflective layer reflects the laser 
beams. The optical disk 60 is formed by laminating an 
over coat, a protecting plate, and the like (not shown in 

45 FIG. 3) thereon. 

[0092] In the optical disk of the present embodiment, 
a laser beam 5 is irradiated onto the groove tracks 64 
and the land tracks 65 of the information tracks 66 in the 
RAM area, thus recording and reproducing information. 

so The recording- and reproducing-conditions of the RAM 
area 62 are determined by reading the conditions 
recorded in the control area 61 comprising the uneven 
pits shown in FIG. 2 in advance. 
[0093] For example, in the control area 61 . information 

55 indicating the tracking polarity when a beam spot scans 
the groove track 64 and the land track 65 of the informa- 
tion track 66 is recorded, or information about the 
groove depth of the information track 66 is recorded. 
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Before recording and reproduction, an optical disk 
device reads such information, so that the optical disk 
device can scan a target groove track 64 or a target land 
track 65 correctly. 

[0094] In the control area 61 , information about an 
irradiation power of the laser beam 5 in recording also 
can be recorded in order to compensate for the thermal 
and optical characteristic difference generated between 
the groove track 64 and the land track 65. The optical 
disk device reads out this irradiation condition before 
recording and the recording condition is set. 
[0095] In the control area 61, information about the 
selection of a modulation pattern in which the laser 
beam 5 is modulated in the case of recording on the 
groove track 64 or the land track 65 also can be 
recorded. The optical disk device reads out this condi- 
tion before recording and the recording condition is set. 
[0096] As described above, when putting the optical 
disk of this embodiment into an optical disk device, the 
optical disk device starts with reading out the informa- 
tion mentioned above recorded in the control area. Con- 
sequently, information can be recorded on or 
reproduced from a target groove track or a target land 
track stably. 

[0097] Needless to say. it is also possible to record the 
entire information or a part of the information in the 
address area, which is recorded in the control area in 
the above description. When recording and reproducing 
information in a predetermined address, the optical disk 
device reads out such information recorded in the 
address area. Thus, tracking is controlled suitably in 
each address, and suitable recording- and reproducing- 
conditions can be set 

Embodiments 

[0098] An optical disk according to Embodiment 3 for 
attaining the second object of the present invention will 
be explained as follows. 

[0099] One of the objects of the present invention is to 
make an optical disk that has a groove depth of at least 
X/4n but less than A/2n and has compatibility with con- 
ventional optical disks having a groove depth of at least 
0 but less than X/4n. That is, one of the objects of the 
present invention is to provide an optical disk having a 
groove depth of at least AMn but less than X/2n on which 
information can be recorded and from which information 
can be reproduced using a conventional optical disk 
device designed for conventional optical disks having a 
groove depth of at least 0 but less than X/4n. 
[01 00] In other words, the optica) disk having a groove 
depth of at least X/4n but less than X72n of the present 
invention is required to be compatible with conventional 
optical disks having a groove depth of less than X/4n as 
to recording- and reproducing-conditions such as an 
irradiation power and a modulation pattern of laser 
beams for recording information on or reproducing the 
information from groove tracks and land tracks. 



[01 01 ] In order to attain the object mentioned above, 
the optical disk of the present invention has the follow- 
ing structure. 

[01 02] In the optical disk in the present embodiment, 

5 the same layer structure comprising a recording layer, a 
dielectric layer, a reflective layer, and the like as in 
Embodiment 2 may be used. Therefore, a detailed 
explanation is not necessary. 
[0103] In a control area 61 of a conventional optical 

10 disk having a groove depth of at least 0 but less than 
A/4n, suppose that an area where groove-track record- 
ing- and reproducing-information is recorded is a groove 
information recording area A, and an area where land- 
track recording- and reproducing-information is 

15 recorded is a land information recording area B. In this 
case, the recording- and reproducing-information that 
should be recorded includes, for example, information 
on the irradiation power of a beam spot 403 (FIG. 4) 
when recording information on an information track, 

20 information on the selection of a modulation pattern of 
the beam spot 403, or the like. 

[0104] On the other hand, in the optical disk of the 
present embodiment having a groove depth of at least 
X/4n but less than X/2n, information about the land-track 

25 recording- and reproducing-conditions is recorded in 
the groove information recording area A (where groove- 
track recording- and reproducing-information is 
recorded in an optical disk having a groove depth of at 
least 0 but less than X/4n) and information about the 

30 groove-track recording- and reproducing-conditions is 
recorded in the land information recording area B 
(where land-track recording- and reproducing-informa- 
tion is recorded in an optica) disk having a groove depth 
of at least 0 but less than 3L/4n) in the control area 61 . 

35 [0105] As a result, the inversion of tracking polarity 
according to the guide-groove depth can be compen- 
sated. Therefore, information can be recorded on and 
reproduced from the optical disk having a groove depth 
of at least A/4n but less than A/2n of the present inven- 

40 tion using conventional optical disk devices. 

[0106] A method of recording information on and 
reproducing information from the optical disk of the 
present embodiment will be explained in detail as fol- 
lows. 

45 [0107] Since the optical disk 60 is compatible with 
optical disks having a groove depth of at least 0 but less 
than X/4n, such a conventional optical disk device as 
shown in FIG. 7 may be used for recording information 
on and reproducing information from the optical disk 60. 

so After being put on a spindle motor 530, the optical disk 
rotates at a predetermined number of rotations. An opti- 
cal beam is emitted from an optical head 514 and a 
beam spot 502 is focused on the control area (a ROM 
area) 61 (see FIG. 2) of an optical disk 500. A laser 

55 beam reflected from the control area 61 enters a light 
receiver 512 in the optical head 514 and is converted 
into a electric signal. This electric signal goes through a 
summing amplifier 521 , a preamplifier 522, and a repro- 
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"duced signal processing circuit 523, thus being con- 
verted into a signal reproduced from the control area 
61. According to this reproduced signal, recording- and 
reprodudng-condrtions about, for example, type-deter- 
mination of the optical disk 500, an irradiation power 
and a modulating pattern of groove tracks 64 and land 
tracks 65 in a RAM area 62 are set in the optical disk 
device. 

[0108] Next, reference will be made to the case of 

recording information in or reproducing the information 

from the RAM area 62 of the optical disk. 

[0109] First, the case of reproducing information on 

conventional optical disks comprising an information 

track with a groove depth of less than A/4n will be 

explained. 

[0110] When reproducing information recorded on a 
groove track of the optical disk, reproducing-information 
about the groove track recorded in a groove information 
recording area A is read out in the first place. Then a 
predetermined groove track is tracked. Since a polarity 
inverting circuit 51 7 transmits a signal S1 without polar- 
ity change, the beam spot 502 can track the groove 
track. Thus, the information recorded on the groove 
track can be reproduced under the reproducing condi- 
tions based on the reproducing-information about the 
groove track that has been read in advance. 
[01 1 1 ] On the other hand, when reproducing informa- 
tion recorded on a land track, reproducing-information 
about the land track recorded in a land information 
recording area B is read out in the first place. Then, a 
predetermined land track is tracked. Since the polarity 
inverting circuit 51 7 inverts the polarity of the signal Si , 
a beam spot 502 can track the land track. Thus, infor- 
mation recorded on the land track can be reproduced 
under the reproducing conditions based on the repro- 
ducing-information about the land track that has been 
read in advance. 

[0112] The following description is directed to the 
reproduction of information recorded on the optical disk 
60 comprising an information track 66 having a groove 
depth of at least A/4n but less than XJ2n of the present 
embodiment using the conventional optical disk shown 
in FIG. 7. In this case, the signal amplitude of the track- 
ing signal S1 is reversed to positive or negative at X/4n 
as explained above in the description of FIG. 9. 
[0113] However, in the optical disk of the present 
embodiment, information about the land track is 
recorded in the groove information recording area A and 
information about the groove track is recorded in the 
land information recording area B in the control area 61 
as described above. Therefore, for example, when try- 
ing to reproduce information recorded on a groove 
track, the optica) disk device reads the information 
recorded in the groove information recording area A. 
However, the information that is actually read by the 
optical disk device is reproducing-information about a 
land track. Therefore, in the optical disk device, various 
reproducing conditions are set based on this informa- 



tion. As a next step, the optical disk device tries to track 
the groove track in a predetermined address. However, 
as shown in FIG. 9, the polarity of the tracking signal S1 
is inverted, and therefore the land track is tracked actu- 
5 ally. Consequently, the optical disk device reproduces 
the information recorded on the land track based on the 
reproducing-information about the land track that has 
been read in advance. 

[01 14] Similarly, when trying to reproduce the informa- 
10 tion recorded on a land track, the optical disk device 
reproduces the information recorded on a groove track 
based on the reproducing-information about the groove 
track that has been read out from the control area in 
advance. 

is [0115] Thus, even if the tracking polarity is inverted, 
when tracking a land track, the land track can be tracked 
based on the land-track recording- and reproducing- 
information, and when tracking a groove track, the 
groove track can be tracked based on the groove-track 

20 recording- and reproducing-information. That is. when 
recording information on and reproducing information 
from the optical disk of the present embodiment using a 
conventional optical disk device, the recording- and 
reproducing-conditions about a scanning track are cor- 

25 rectiy set. 

[01 16] As a result, according to the optical disk of the 
present embodiment, an optical disk device recognizes 
the information about a groove track recorded in the 
control area as the information about a land track and 

30 the information about a land track recorded in the con- 
trol area as the information about the groove track. 
Therefore, in the optical disk provided with guide 
grooves having a depth of at least X/4n but less than 
X/2n of the present embodiment, the same tracking 

35 operation as in a optical disk having a groove depth of at 
least 0 but less than X/4n can be performed. Similarly, in 
setting recording conditions, according to the optical 
disk provided with guide grooves having a depth of at 
least X/4n but less than X/2n of the present embodi- 

40 ment, the recording-information for recording informa- 
tion on a groove track is recorded in the land information 
recording area B and the recording information for 
recording information on a land track is recorded in the 
groove information recording area A. Therefore, it is 

45 possible to record information under the recording con- 
ditions about the track that is actually tracked. 
[0117] Thus, in the conventional optical disk device 
(see FIG. 7) designed for optical disks having a groove 
depth of less than A/4n, the inversion of tracking polarity 

so due to the groove depth of at least A/4n but less than 
X/2n on the optical disk of the present invention can be 
compensated. Therefore, it is possible to record infor- 
mation on both lands and grooves suitably and to repro- 
duce information recorded on both lands and grooves 

55 suitably. As a result the compatibility with optical disks 
having a groove depth of less than X/4n can be ensured. 
[0118] In the above example, the compatibility with 
conventional disks is ensured by manipulating the 
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recording area of recording- and reproducing-informa- 
tion recorded in the control area 61. However, the com- 
patibility can be also ensured by manipulating the 
information recorded not in the control area but in an 
address area. An example of this case is described as 
follows. 

[0119] In the optical disk of the present embodiment 
the address area of the optical disk is formed in a prede- 
termined manner. The following description is directed 
to a method of forming the address area of the optical 
disk according to the present embodiment that is com- 
patible with optical disks comprising an information 
track having a groove depth of at least 0 but less than 
A74n. 

[0120] FIG. 4 is an enlarged partial view of an exam- 
ple of the information track on an optical disk according 
to the present embodiment. An address is formed, for 
example, as strings of uneven prepits 404 in an address 
area 401. FIG. 4 includes data areas 402, recording 
marks 405, groove tracks 406, and land tracks 407. 
[0121] In order to ensure the compatibility with optical 
disks comprising information tracks 408 having a 
groove depth of less than X/4n as to tracking polarity, in 
the optical disk having a groove depth of at least X/4n 
but less than X/2n of the present invention, when the 
information track 408 to be scanned by a beam spot 403 
is the land track 407, the groove-track recording- and 
reproducing-information is recorded in the address area 
directly before the land track 407, and when the infor- 
mation track 408 to be scanned is the groove track 406, 
the land-track recording- and reproducing-information is 
recorded in the address area directly before the groove 
track 406. 

[0122] For example, when trying to reproduce infor- 
mation recorded on the groove track 406, a conven- 
tional optical disk device reads out the reproducing- 
information recorded in the address area directly before 
the groove track. However, the information actually read 
by the optical disk device is land-track recording- and 
reproducing-information. Under the read reproducing- 
conditions, the optical disk device tries to reproduce the 
information recorded on the groove track following the 
address. However, as shown in FIQ. 9, since the polarity 
of the tracking signal S1 is inverted, actually the land 
track 407 is tracked. Therefore, the optical disk device 
reproduces information recorded on the land track 407 
based on the land-track reproducing-information that 
has been read in advance. 

[0123] Thus, even if the tracking polarity is inverted, 
when tracking a land track, the land track can be tracked 
based on the land-track recording- and reproducing- 
information, and when tracking a groove track, the 
groove track can be tracked based on the groove-track 
recording- and reproducing-information. That is, when 
recording information on and reproducing information 
from the optical disk in the present embodiment using a 
conventional optical disk device, information such as 
recording- and reproducing-conditions of a scanning 



track and the like are correctly set. 
[0124] As a result, in the conventional optical disk 
device (see FIG. 7) designed for optical disks having a 
groove depth.of less than X/4n, the inversion of tracking 

5 polarity due to the groove depth of at least X/4n but less 
than XV2n on the optical disk of the present invention can 
be compensated. Thus, it is possible to record informa- 
tion on and reproduce information from both lands and 
grooves in an optimum condition. As a result, the com- 

10 patibility with optical disks having a groove depth of less 
than >74n can be ensured. 

[01 25] Information to be recorded in the address area 
401 directly before the land or groove track as men- 
tioned above may be information about an irradiation 

is power of the beam spot 403, or information about the 
selection of a modulation pattern of the beam spot 403 
when recording information on the information track. 
[0126] In this embodiment, in the conventional optical 
disk having a groove depth of less than X/4n, if the infor- 

20 mation about the groove-track recording-and reproduc- 
ing-conditions is recorded in a groove information 
recording area A and the information about the land- 
track recording- and reproducing-conditions is recorded 
in a land information recording area B, in the optical disk 

26 having a groove depth of at least X/4n but less than X72n 
of the present invention, the information about the land- 
track recording- and reproducing-conditions is recorded 
in the groove information recording area A and the infor- 
mation about the groove-track recording- and reproduc- 

30 ing-conditions is recorded in the land information 
recording area B. However, the present invention is not 
limited to this. In the optical disks having a groove depth 
of less than X/4n, if the information about the land-track 
recording- and reproducing-conditions is recorded in 

35 the groove information recording area A and the infor- 
mation about the groove-track recording- and reproduc- 
ing-conditions is recorded in the land information 
recording area B, in the optical disk having a groove 
depth of at least A74n but less than A/2n of the present 

40 invention, the information about the groove track may be 
recorded in the groove information recording area A and 
the information about the land track may be recorded in 
the land information recording area B. 
[01 27] In this embodiment, reference was made to two 

45 types of disks, one of which has a groove depth of at 
least 0 but less than X/4n and the other has a groove 
depth of at least A/4n but less than A/2n as examples. 
However, the inversion of tracking signal amplitude to 
positive or negative is repeated at a X/2 period. There- 

50 fore, even in disks having a groove depth at least X/2n. 
the controls should be operated separately in two types 
of optical disks, one of which has a groove depth of at 
least m X/4n but less than (m+1) X/4n and the other has 
a groove depth of at least (m+1) X74n but less than 

55 (m+2) X/4n, wherein m is 0 or a positive even number. 



12 



23 



EP 0 905 683 A2 



24 



Embodiment 4 

[01 28] An optica! disk according to Embodiment 4 for 
attaining the third object of the present invention will be 
explained as follows. 

[0129] In the optical disk described in the above 
embodiment, the prepits 404 formed in the address 
area 401 are formed generally so as to have the same 
height or depth as the depth of the information track 
402. However, in an optical disk having a groove depth 
of at least X/4n but less than X/2n of this embodiment, 
prepits 404 formed in an address area 401 may be 
formed so as to have a height or a depth of less than 
X/4n. That is. the grooves of an information track and the 
prepits in the address area are formed so as to be differ- 
ent in height or depth each other. As a result, in conven- 
tional optical disk devices, it can be correctly 
determined whether the track following the address is a 
land track or a groove track. 

[0130] FIG. 5 shows a signal of a differential amplifier 
515 output when a beam spot 403 scans the address 
area 401 shown in FIG. 4. The prepits 404 in the 
address area 401 are not formed at the center of the 
scanning path of the beam spot 403. The prepits 404 
are formed at the positions shifted in either radial direc- 
tion with respect to the track by about Tp/2. 
[0131] FIG. 5(a) shows an output signal of the differ- 
ential amplifier when scanning the address area 401 
directly before a groove track 406 by the beam spot 403 
in the case where the prepits in the address area are 
formed so as to have a depth of less than X/4n. In this 
example, when the prepits 404 are formed in the periph- 
eral side of the optical disk with respect to the center 
line of the scanning path of the beam spot 403, an oper- 
ation amplifier is set to output a positive output signal. 
When the prepits are formed at the inner circumference 
side, the operation amplifier is set to output a negative 
output signal. 

[0132] On the other hand, when the prepits in the 
address area are formed so as to have a depth of at 
least A/4n but less than A/2n, the output signal of the dif- 
ferential amplifier in the case of scanning. the address 
area 401 directly before the groove track 406 by the 
beam spot 403 is shown in FIG. 5(b). This output signal 
corresponds to a signal obtained by reversing the polar- 
ity of the output signal shown in FIG. 5(a). Due to the dif- 
ference in depth of the prepits formed in the address 
area, the polarity of the signal is inverted compared to 
the polarity of the signal shown in FIG. 5(a) by the effect 
described in the description of FIG. 9. 
[0133] Conventionally, a well-known optical disk 
device is constructed so as to determine whether the 
information track following the address area is a groove 
track or a land track based on the sequence of negative 
polarity and positive polarity in the output signal of a dif- 
ferential amplifier when scanning an address area. In 
such an optical disk device, the track following the 
address area, i.e. a land track or a groove track, is deter- 



mined reversely in two optical disks having completely 
the same plane prepit shape in an address area and 
having a different prepit depth each other. 
[01 34] However, when trying to record information on 

5 and reproduce information from the optical disk of the 
present invention comprising the information track 402 
having a groove depth of at least X/4n but less than X72n 
using conventional optical disk devices designed for 
optical disks having a groove depth of less than X/4n, in 

10 the case of forming the prepits in the address area so as 
to have a depth of less than X74n, the polarity (positive 
or negative) of the signal amplitude of the tracking sig- 
nal when scanning the address area is the same as that 
when scanning an address area of an optical disk hav- 

15 ing a groove depth of less than X/4n. Consequently, it 
can be determined accurately whether the track follow- 
ing the address area is a land track or a groove track. 
That is, when reading out the information recorded in 
the address area using a conventional optical disk 

20 device, the obtained information is compatible with that 
obtained from a conventional optical disk and therefore 
can be used without any conversion. 
[01 35] Furthermore, information such as recording- 
and reproducing-conditions of the track following an 

25 address area in the address area may be recorded 
according to the manner explained in Embodiment 3. In 
this case, the recording- and reproducing-conditions 
recorded in the address area can be read out accurately 
using a conventional optical disk device as in optical 

30 disks having a groove depth of less than A/4n. 

Embodiment 5 

[01 36] An optical disk according to Embodiment 5 for 
35 attaining the third object of the present invention will be 
explained as follows. 

[0137] The arrangement of prepits 404 forming an 
address area in FIG. 4 can be shifted in the radial direc- 
tion of an optical disk according to the groove depth of 

40 an information track. 

[0138] For example, as in FIGS. 4 and 6. the prepits 
404 are arranged at the positions shifted in either radial 
direction with respect to a track by about Tp/2. In this 
case, the prepits shifted to the peripheral side in the 

45 radial direction are referred to as "first prepits". The pre- 
pits shifted to the inner-circumference side in the radial 
direction are referred to as "second prepits". The depth 
of the prepits is almost the same as the groove-depth of 
the information track. 

so [0139] In a conventional optical disk comprising an 
information track having a groove depth of at least 0 but 
less than X/4n, as shown in FIG. 4, suppose that when 
the strings of the prepits 404 are arranged so that the 
string of the first prepits and the string of the second 

55 prepits are arranged sequentially in the running direc- 
tion of a beam spot 403. the track following the strings of 
the prepits 404 is a groove track 406. and when the 
strings of the prepits 404 are arranged so that the string 
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of ihe second prepits and the string of the first prepits 
are arranged sequentially in the running direction of the 
beam spot 403, the track following the strings of the pre- 
pits 404 is a land track 407. In this case, suppose that 
FIG. 5(a) shows the output signal of a differential ampii- 5 
fier in the case where the beam spot 403 scans the 
address area 401 directly before the groove track 406. 
[0140] On the contrary in the optical disk comprising 
an information track having a groove depth of at least 
X/4n but less than A/2n of the present embodiment, pre- 10 
pits 404 are arranged as shown in FIG. 6. That is, when 
the track following the strings of the prepits 404 is a 
groove track 406, the strings of the prepits 404 are 
arranged so that the string of the second prepits and the 
string of the first prepits are arranged sequentially in the is 
running direction of the beam spot 403, and when the 
track following the strings of the prepits 404 is a land 
track 407, the strings of the prepits 404 are arranged so 
that the string of the first prepits and the string of the 
second prepits are arranged sequentially in the running 20 
direction of the beam spot 403. FIG. 5(a) shows the out- 
put signal of a differential amplifier in the case of scan- 
ning the address area 401 directly before the groove 
track 406 shown in FIG. 6 arranged in such a manner 
using the same optical disk device as that mentioned 25 
above. That is, the output signal obtained by scanning 
the address area directly before the groove track 406 of 
the optical disk of the present embodiment comprising 
the information track having a groove depth of at least 
X/4n but less than X/2n is the same as the output signal 30 
obtained by scanning the address area 401 directly 
before the groove track 406 of the conventional optical 
disk comprising an information track having a groove 
depth of at least 0 but less than X/4n. This is because 
the arrangement of the prepits in the radial direction in 35 
the optical disk of the present embodiment is the 
reverse of that in the conventional optical disk, and fur- 
ther the polarity of the output signal of the differential 
amplifier is inverted due to the difference in depth of the 
prepits. 40 
[01 41 ] The configurations described above enable the 
polarity of the output amplitude of the tracking signal 
when scanning the address area on the optical disk of 
the present invention using a conventional optical disk 
device to be the same as that when scanning the 45 
address area on an optical disk having a groove depth 
of less than X/4n. Therefore, it can be accurately deter- 
mined whether the track following the address area is a 
land track or a groove track. That is, as to the informa- 
tion about whether the track following the address area so 
is a land track or a groove track, the compatibility with 
conventional optical disks can be maintained. 
[0142] Furthermore, information such as recording- 
and reproducing-conditions of the track following an 
address area in the address area may be recorded ss 
according to the manner explained in Embodiment 3. In 
this case, the recording- and reproducing-conditions 
recorded in the address area can be accurately read out 



using a conventional optical disk device as in optical 
disks having a groove depth of less than X/4n. 
[0143j Contrary to the above example, in a conven- 
tional optical disk having a groove depth of at least 0 but 
less than )J4n, suppose that when the track following 
the address area is a groove track, the string of the sec- 
ond prepits and the string of the first prepits are 
arranged in the address area sequentially, and when the 
track following the address area is a land track, the 
string of the first prepits and the string of the second 
prepits are arranged in the address area sequentially. In 
this case, in the optical disk of the present invention, 
when the track following the address area is a groove 
track, the string of the first prepits and the string of the 
second prepits should be arranged in the address area 
sequentially, and when the track following the address 
area is a land track, the string of the second prepits and 
the string of the first prepits should be arranged in the 
address area sequentially. 

[0144] In Embodiments 4 and 5 described above, the 
two types of disks are used as examples, one of which 
has a groove depth of less than A74n and the other has 
a groove depth of at least X/4n but less than X/2n. How- 
ever, the inversion of tracking signal amplitude to posi- 
tive or negative is repeated at a X72n period. Therefore, 
even in a disk having a groove depth of at least A/2n, the 
controls should be operated separately in two types of 
optical disks, one of which has a groove depth of at least 
m x/4n but less than (m+1) X/4n and the other has a 
groove depth of at least (m+1) X/4n but less than (m+2) 
X74n, wherein m is 0 or a positive even number. 

Claims 

1 . An optical disk device, comprising: 

a converging optical system in which a laser 
beam is irradiated onto an optical disk having a 
recording thin film on a substrate provided with 
uneven guide grooves; and 
a tracking controller that controls tracking so 
that the laser beam converged by the converg- 
ing optical system scans a convex part or a 
concave part of the guide groove, 
wherein the tracking controller controls tracking 
polarity so that the tracking polarity is inverted 
according to the depth of the guide groove. 

2. The optical disk device according to claim 1, 

wherein the tracking controller controls 
tracking polarity so that the tracking polarity for an 
optical disk with guide grooves having a depth of at 
least mx/4n but less than (m+1) X74n is inverted 
compared to the tracking polarity for an optical disk 
with guide grooves having a depth of at least (m+1) 
A/4n but less than (m+2) A/4n, 

where X is a wavelength of the laser beam, n 
indicates the refractive index of the substrate, and 
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m is 0 or a positive even number. 

3. The optical disk device according to claim 1 or 2, 

wherein for an optical disk provided with the 
guide grooves whose depths vary depending on the s 
position in the radial direction on the substrate, the 
tracking controller controls tracking polarity so that 
the tracking polarity for a portion of an optical disk 
with guide grooves having a depth of at least mX/4n 
but less than (m+1) X/4n is inverted compared to 10 
the tracking polarity for a portion of an optical disk 
with guide grooves having a depth of at least (m+1) 
X/4n but less than (m+2) X74n, 

where X is a wavelength of the laser beam, n 
indicates the refractive index of the substrate, and is 
m is 0 or a positive even number. 

4. An optical disk device, comprising: 

a converging optical system in which a laser 20 
beam is irradiated onto an optical disk having a 
recording thin film on a substrate provided with 
uneven guide grooves; 

a tracking controller that controls tracking so 
that the laser beam converged by the converg- 25 
ing optical system scans a convex part or a 
concave part of the guide groove; 
a polarity inverting system that inverts the 
polarity of the tracking controller; and 
a disk discriminating system that discriminates 30 
the depth of the guide grooves, 
wherein the polarity inverting system inverts 
the polarity of the tracking controller according 
to tine result obtained from the disk discrimina- 
tion system. 35 

5. The optical disk device according to claim 4, 

wherein the disk discriminating system dis- 
criminates the depth of the guide grooves by read- 
ing out identification information from identification 40 
data corresponding to the depth of guide grooves 
provided in a cartridge containing the optical disk. 

6. The optical disk device according to claim 4, 

wherein the disk discriminating system dis- 45 
criminates the depth of the guide grooves by detect- 
ing identification information about the guide- 
groove depth recorded in an identifying signal area 
provided on the optical disk. 

so 

7. An optical disk comprising a substrate on which 
uneven guide grooves are formed, and being con- 
tained in a cartridge, 

wherein the cartridge is provided with identi- 
fication data about the depth of the guide grooves es 
and/or identification data about tracking polarity of a 
reproducing optical system. 



8. The optical disk according to claim 7, 

wherein the cartridge further comprises 
identification data about an irradiation power of a 
laser beam irradiated and/or identification data 
about a modulation pattern of the laser beam irradi- 
ated. 

9. An optical disk comprising a substrate on which 
uneven guide grooves are formed, 

wherein in an identifying signal area pro- 
vided on the optical disk, information about the 
depth of the guide grooves and/or information about 
tracking polarity of a reproducing optical system 
are/is recorded. 

10. The optical disk according to claim 9, 

wherein the identifying signal area. is a con- 
trol area. 

11. The optical disk according to claim 9, 

wherein the identifying signal area is an 
address area where positions of the guide grooves 
are identified. 

12. The optical disk according to any one of claims 9 to 
11. 

wherein the depths of the guide grooves 
vary depending on the positions in the radial direc- 
tion on the substrate. 

13. The optical disk according to any one of claims 9 to 
12, 

wherein in the identifying signal area, infor- 
mation about an irradiation power of a laser beam 
irradiated and/or information about a modulation 
pattern of the laser beam irradiated are/is further 
recorded. 

14. An optical disk comprising a substrate provided 
with uneven guide grooves having a depth of at 
least (m+1) A74n but less than (m+2) X/4n, where X 
is a wavelength of a laser beam used for recording 
or reproduction, n indicates the refractive index of 
the substrate, and m is 0 or a positive even number, 

wherein information about tracking polarity 
of a reproducing optical system is recorded in a 
control area of the optical disk. 

15. An optical disk comprising a substrate provided 
with uneven guide grooves having a depth of at 
least (m+1) X/An but less than (m+2) X/4n, where X 
is a wavelength of a laser beam used for recording 
or reproduction, n indicates the refractive index of 
the substrate, and m is 0 or a positive even number, 

wherein information about the depth of the 
guide grooves is recorded in a control area of the 
optical disk. 
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16: The optical disk according to claim 14 or 15, 

wherein information about an irradiation 
power of a laser beam irradiated and/or information 
about a modulation pattern of the laser beam irradi- 
ated are/is further recorded in the control area. s 



and reproducing-information is recorded in an 
area where convex-part recording- and repro- 
ducing-information is recorded in an optical 
disk having a groove depth of at least m AV4n 
but less than (m+1) A74n. 



17. An optical disk comprising a substrate provided 
with uneven guide grooves having a depth of at 
least (m+1) X/4n but less than (rrv+2) X/4n, where X 

is a wavelength of a laser beam used for recording 10 
or reproduction, n indicates the refractive index of 
the substrate, and m is 0 or a positive even number, 
wherein the optical disk comprises address 
areas where positions of the guide grooves are 
identified, and information about tracking polarity of 75 
a reproducing optical system is recorded in the 
address areas. 

18. An optical disk comprising a substrate provided 
with uneven guide grooves having a depth of at so 
least (m+1) X/4n but less than (m+2) X/4n, where X 

is a wavelength of a laser beam used for recording 
or reproduction, n indicates the refractive index of 
the substrate, and m is 0 or a positive even number, 

wherein the optical disk comprises address 25 
areas where positions of the guide grooves are 
identified, and information about the depth of the 
guide grooves is recorded in the address areas. 

19. The optical disk according to claim 17 or 18, 

wherein information about an irradiation 
power of a laser beam irradiated and/or information 
about a modulation pattern of the laser beam irradi- 
ated are/is further recorded in the address areas. 

20. An optical disk comprising a substrate provided 
with uneven guide grooves having a depth of at 
least (m+1) A74n but less than (m+2) X/4n t where X 
is a wavelength of a laser beam used for recording 
or reproduction, n indicates the refractive index of 
the substrate, and m is 0 or a positive even number, 
signals being recorded on both convex parts and 
concave parts of the guide grooves, 

wherein the optical disk is compatible with 
an optical disk provided with uneven guide grooves 
having a depth of at least m A/4n but less than 
(m+1) X/4n; 



21 . The optical disk according to claim 20, 

wherein the recording- and reproducing- 
information is information about an irradiation 
power of a laser beam. 

22. The optical disk according to claim 20, 

wherein the recording- and reproducing- 
information is information about a modulation pat- 
tern in which a laser beam is modulated. 

23. An optical disk comprising a substrate provided 
with uneven guide grooves having a depth of at 
least (m+1) X/4n but less than (m+2) x/4n, where X 
is a wavelength of a laser beam used for recording 
or reproduction, n indicates the refractive index of 
the substrate, and m is 0 or a positive even number, 
signals being recorded on both convex parts and 
concave parts of the guide grooves, 

wherein the optical disk is compatible with 
an optical disk provided with uneven guide grooves 
having a depth of at least m A/4n but less than 
(m+1) X/4n; 

the optical disk comprises address areas 
where positions of the guide grooves are iden- 
tified; 

the address areas comprise an area where 
convex-part recording- and reproducing-infor- 
mation is recorded and an area where con- 
cave-part recording- and reproducing- 
information is recorded; and 
the convex-part recording- and reproducing- 
information is recorded in an area where con- 
cave-part recording- and reproducing-informa- 
tion is recorded in an optical disk having a 
groove depth of at least m A/4n but less than 
(m+1) A/4n, and the concave-part recording- 
and reproducing-information is recorded in an 
area where convex-part recording- and repro- 
ducing-information is recorded in an optical 
disk having a groove depth of at least m X/4r\ 
but less than (m+1) X/4n. 

24. The optical disk according to claim 23, 

wherein the recording- and reproducing- 
information is information about an irradiation 
power of a laser beam. 

25. The optical disk according to claim 23, 

wherein the recording- and reproducing- 
information is information about a modulation pat- 
tern in which a laser beam is modulated. 



the optical disk comprises a control area where 
convex-part recording- and reproducing-infor- so 
mation and concave-part recording- and repro- 
ducing-information are recorded; and 
the convex-part recording- and reproducing- 
information is recorded in an area where con- 
cave-part recording- and reproducing-informa- ss 
tion is recorded in an optical disk having a 
groove depth of at least m X/4n but less than 
(m+1) X/4n, and the concave-part recording- 
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26. An optical disk comprising a substrate provided 
with uneven guide grooves having a depth of at 
least (m+1) X/4n but less than (m+2) X/4n, where X 
is a wavelength of a laser beam used for recording 

or reproduction, n indicates the refractive index of 5 
the substrate, and m is 0 or a positive even number, 
signals being recorded on both convex parts and 
concave parts of the guide grooves, 

wherein the optical disk comprises address 
areas where positions of the guide grooves are 10 
identified, and prepits provided in the address 
areas have a height or depth of at least m X/4n but 
less than (m+1) X/4n. 

27. An optical disk comprising a substrate provided 75 
with uneven guide grooves having a depth of at 
least (m+1) X/4n but less than (m+2) X74n, where X 

is a wavelength of a laser beam used for recording 
or reproduction, n indicates the refractive index of 
the substrate, and m is 0 or a positive even number, so 
signals being recorded on both convex parts and 
concave parts of the guide grooves, 

wherein an address area where a position of 
the guide groove is identified is provided between 
the guide grooves along a track; 25 

the address area comprises first prepits that 
are shifted to a peripheral side in the radial 
direction by about a 1/2 track pitch with respect 
to the track of the guide groove and second 30 
prepits that are shifted to an inner-circumfer- 
ence side in the radial direction by about a 1/2 
track pitch with respect to the track of the guide 
groove, and a sequence of the first prepits and 
the second prepits in a scanning direction 35 
when scanning a convex part of the guide 
groove directly after the address area is differ- 
ent from that when scanning a concave part of 
the guide groove directly after the address 
area. 40 

28. The optical disk according to claim 27, 

wherein the optical disk is compatible with 
an optical disk provided with uneven guide grooves 
having a depth of at least m Xf4n but less than 45 
(m+1) k/4n, and 

if in an optical disk having a groove depth of at 
least m Xf4n but less than (m+1) A/4n, when a 
convex part is scanned directly after an so 
address area, a string of first prepits and a 
string of second prepits are arranged sequen- 
tially in the address area and when a concave 
part is scanned directly after the address area, 
the string of second prepits and the string of ss 
first prepits are arranged sequentially in the 
address area, 

in the optical disk having the groove depth of at 



least (m+1) X/4n but less than (m+2) XY4n, 
when the convex part is scanned directly after 
the address area, the string of the second pre- 
pits and the string of the first prepits are 
arranged sequentially in the address area and 
when the concave part is scanned directly after 
the address area, the string of the first prepits 
and the string of the second prepits are 
arranged sequentially in the address area. 

29. The optical disk according to claim 27, 

wherein the optical disk is compatible with 
an optical disk provided with uneven guide grooves 
having a depth of at least m A/4n but less than 
(m+1) A/4n, and if in an optical disk having a groove 
depth of at least m X/4n but less than (m+1) X74n, 
when a convex part is scanned directly after an 
address area, a string of second prepits and a 
string of first prepits are arranged sequentially in 
the address area and when a concave part is 
scanned directly after the address area, the string 
of first prepits and the string of second prepits are 
arranged sequentially in the address area, 

in the optical disk having the groove depth of at 
least (m+1) X/4n but less than (m+2) AJ4n, 
when the convex part is scanned directly after 
the address area, the string of the first prepits 
and the string of the second prepits are 
arranged sequentially in the address area and 
when the concave part is scanned directly after 
the address area, the string of the second pre- 
pits and the string of the first prepits are 
arranged sequentially in the address area. 

30. The optical disk according to any one of claims 20 
to 29, 

wherein the optical disk comprises address 
areas where positions of the guide grooves are 
identified, and prepits provided in the address 
areas have a height or depth of at least m X/4n but 
less than (m+1) X/4n. 

31. The optical disk according to any one of claims 20 
to 25, 

wherein an address area where a position of 
the guide groove is identified is provided between 
the guide grooves along a track, the address area 
comprises first prepits that are shifted to the periph- 
eral side in the radial direction by about a 1/2 track 
pitch with respect to the track of the guide groove 
and second prepits that are shifted to the inner-cir- 
cumference side in the radial direction by about a 
1/2 track pitch with respect to the track of the guide 
groove, and the sequence of the first prepits and 
the second prepits in a scanning direction when 
scanning a convex part of the guide groove directly 
after the address area is different from that when 
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- scanning a concave part of the guide groove 
directly after the address area. 

32. The optical disk according to claim 31 , 

wherein the optical disk is compatible with 
an optical disk provided with uneven guide grooves 
having a depth of at least m A74n but less than 
(m+1)X/4n, and 

if in an optical disk having a groove depth of at 
least m >/4n but less than (m+1) X/4n, when a 
convex part is scanned directly after an 
address area, a string of first prepits and a 
string of second prepits are arranged sequen- 
tially in the address area and when a concave 
part is scanned directly after the address area, 
the string of second prepits and the string of 
first prepits are arranged sequentially in the 
address area, 

in the optical disk having the groove depth of at 
least (m+1) A/4n but less than (rm-2) X/4n, 
when the convex part is scanned directly after 
the address area, the string of the second pre- 
pits and the string of the first prepits are 
arranged sequentially in the address area and 
when the concave part is scanned directly after 
the address area, the string of the first prepits 
and the string of the second prepits are 
arranged sequentially in the address area. 

33. The optical disk according to claim 31 , 

wherein the optical disk is compatible with 
an optical disk provided with uneven guide grooves 
having a depth of at least m X74n but less than 
(m+1)X/4n, and 
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to 19, 

wherein the optical disk is compatible with 
an optical disk provided with uneven guide grooves 
having a depth of at least m X/4n but less than 
(m+1)A/4n. 

35. The optical disk according to claim 34, 

wherein the compatibility is compatibility as 
to tracking polarity, or an irradiation power or a 
modulation pattern of a laser beam when recording 
information on a convex part and/or a concave part 
of a guide groove. 

36. The optical disk according to any one of claims 20 
to 25 and 28 to 32, 

wherein the compatibility is compatibility as 
to an irradiation power or a modulation pattern of a 
laser beam when recording information on a convex 
part and/or a concave part of a guide groove. 



if in an optical disk having a groove depth of at 
least m Mn but less than (m+1) X/4n, when a 
convex part is scanned directly after an 
address area, a string of second prepits and a 40 
string of first prepits are arranged sequentially 
in the address area and when a concave part is 
scanned directly after the address area, the 
' string of first prepits and the string of second 
prepits are arranged sequentially in the 45 
address area, 

in the optical disk having the groove depth of at 
least (m+1) X/4n but less than (m+2) X/4n, 
when the convex part is scanned directly after 
the address area, the string of the first prepits so 
and the string of the second prepits are 
arranged sequentially in the address area and 
when the concave part is scanned directly after 
the address area, the string of the second pre- 
pits and the string of the first prepits are 55 
arranged sequentially in the address area. 

34. The optical disk according to any one of claims 14 



18 



EP 0 905 683 A2 




EPO 905 683 A2 



61 




FIG . 2 



20 



EP 0 905 683 A2 



60 




FIG. 3 



EP 0 905 683 A2 




22 



EP 0 905 683 A2 



(a) 



o c3 
bo Cu 

< 

>• OA 
** S 

o 



& 

o 



(-) 



Time 



— — — . 



(b) 



u 

O ^5 

> c 
*■£ 
? cd 
Cu u 
+± o> 
3 CU 

o o 



(-) 



Time 



FIG . 5 



EP 0 905 683 A2 




EP0 905 683 A2 




9C 



EP0 905 683 A2 




26 



EP0 905 683 A2 




FIG . 9 



27 



This Page Blank (uspto) 



